SUMMARY Ten patients in sinus rhythm with ventricular demand (VVI) pacemakers implanted for the sick sinus syndrome underwent 24 hour ambulatory blood pressure and electrocardiographic recording by a modified version of the Oxford system. Five patients had symptoms of dizziness or presyncope at the time of study and five were symptom free. The onset of pacing was associated with a fall in arterial blood pressure in both groups which was larger in the patients with symptoms, and in these patients the blood pressure recovery consequent on baroreflex activation was delayed by up to fifteen beats. In three of the patients with symptoms the original pacemaker was replaced by an atrioventricular pacing (DVI) device. This abolished syrmptoms and the initial fall and delayed recovery of blood pressure. Thus it appears that the development of symptoms of hypotension after the onset of ventricular pacing is determined by the rate of the baroreflex response. These symptoms and the haemodynamic consequences may be alleviated by dual chamber pacing. Accepted for publication 11 February 1986 hypersensitivity by the implantationb of an atrioventricular sequential (DVI) pacemaker.4 Alicandri etal investigated three patients with symptoms of near syncope after ventricular pacing, and demonstrated hypotension after the onset of pacing.5 Although these studies provided much useful information they were limited to the laboratory setting.
A patient's electrocardiographic response to an implanted pacemaker is usually assessed in the outpatient clinic where the rate, pulse width, and other variables of the stimulus artefact are analysed at periodic intervals. Ambulatory electrocardiography has become an accepted additional method for the assessment of pacemaker function.1 2 Recent developments in Holter monitoring have facilitated recognition of the pacing stimulus artefact by detecting it separately and recording a marker pulse alongside the electrocardiogram on a two channel recorder.2 3 Such ambulatory recordings have proved valuable in various situations, such as detecting failure to capture, failure to sense, and myopotential inhibition.
Some patients, however, have symptoms despite pacemaker function which is electrocardiographically normal. It has been suggested that these can be alleviated in patients with carotid sinus Requests for reprints to Dr E B Raftery, Cardiology Department, Northwick Park Hospital, Watford Road, Harrow, Middlesex.
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Accepted for publication 11 February 1986 hypersensitivity by the implantationb of an atrioventricular sequential (DVI) pacemaker. 4 Alicandri etal investigated three patients with symptoms of near syncope after ventricular pacing, and demonstrated hypotension after the onset of pacing.5 Although these studies provided much useful information they were limited to the laboratory setting.
We have used the Oxford system for recording direct arterial pressure in ambulant subjects to study a group of patients in sinus rhythm paced for sick sinus syndrome with ventricular demand (VVI) pacemakers. Several patients had symptoms during our study; in three of these the original pacemaker was later replaced by a DVI device and a second study was performed.
We examined whether there was any systematic difference in the effects of pacing on blood pressure between those patients who complained of symptoms and those who did not. We particularly wished to observe the time course of any changes in blood pressure that might accompany the onset of pacing, and the compensatory response of the circulatory system. Ambulatory monitoring affords an ideal opportunity to study these effects quantitatively because many episodes containing the onset of pacing may be obtained from each patient.
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Patients and methods
Thirteen patients were recruited for this study and eighteen 24 hour recordings were performed. Data of adequate technical quality for analysis were obtained from ten patients in a total of thirteen 24 hour recordings. The patients gave their informed consent in writing and the study was approved by the hospital ethical committee. We studied only patients in whom sick sinus syndrome had been diagnosed before pacemaker implantation. None was taking any cardioactive drugs at the time of the study and none was in atrial fibrillation. In all of them a 24 hour ambulatory electrocardiographic recording was performed before the study to detect any evidence of electrical pacemaker malfunction. Fig. 1 shows the distribution of these episodes throughout each 24 hours.
For each episode in which sinus rhythm changed to continuous pacing the beat by beat blood pressure and pulse interval values were printed out together with a marker indicating whether beats were paced or not. The signal timing was such that for each paced beat detected the corresponding printout showed the systolic pressure which occurred immediately after the pacing spike, the diastolic pressure which followed this systolic value, and the interval between this diastolic minimum and the preceding diastolic minimum. The same timing convention was used for unpaced beats. For these the R wave was used as the fiducial marker. For each episode, the printed results were checked by reference to a photographic chart writeout of the blood pressure, electrocardiogram, and pacing spike detector pulses (Fig. 2) .
STATISTICAL METHODS
The 72 episodes initially selected during VVI pacing were divided into two groups: those from the patients with symptoms (40 episodes) and those from the symptom free patients (32 episodes). The Jones, Cashman, Hornung, Prince, Bassein, Raftery length of the episodes varied from 40 to 80 cardiac cycles; beats were numbered negatively and positively about the onset of pacing (defined as beat zero).
The data were first analysed in terms of absolute values of blood pressure before, at the onset of pacing and 5, 10, and 15 beats after pacing. The individual blood pressure responses, and the mean changes in blood pressure during this period were then considered. Although this method of analysis provided some insight into the behaviour of blood pressure in response to pacing the wide individual variation in responses produced a smoothing effect in which the time course of the response was not apparent.
We therefore performed a further statistical analysis of each of the 72 episodes in which the beat by beat blood pressure was searched for significant rises or falls by regressing blood pressure on beat number within a window eleven points in length that could be moved along the entire length of the episode. At each position of the window the best fit was determined; a significant fall in blood pressure (blood pressure increase followed by decrease) was considered to be present if the regression yielded a negative quadratic component with a t statistic greater than 2 (or equivalently an F statistic greater than 4). Similarly a significant rise in blood pressure (blood pressure decrease followed by increase) was said to have occurred if the regression yielded a significant positive quadratic component. If either type of response was found, the position of the midpoint of the window was noted. The window was then moved one beat to the right and the next regression was performed. By this means, the position of any significant peaks or troughs in the systolic data sequence could be determined relative to the onset of pacing, irrespective of the actual pressure values or heart rates. The results from all 72 episodes were then grouped for patients with and without symptoms. The rises and falls in blood pressure were plotted separately and for each of these four subgroups the observed and expected numbers of significant responses were compared by a x2 test. patients results before (27 episodes) and after (28 episodes) replacement of their WI pacemaker with a DVI device were also compared.
Results
Five recordings were excluded from the analysis, two because of pump artefact, one because of only very short episodes of sinus rhythm, and two because the pacemaker detector failed to trigger. Figure 1 shows the distribution of the selected episodes throughout the 24 hours; there was an increase at 24.00 hours, presumably associated with retiring to bed. The Table shows the clinical data for the ten patients. Of the two patients who had symptoms at the time of the first study and who were not restudied, one had episodes of hypoglycaemia which were thought to be responsible for his symptoms and one declined a change of pacemaker. The individual changes in blood pressure during each of the selected episodes were plotted for patients with symptoms and for those without (Fig. 3) . Figure 4 shows the effect of pacing on systolic blood pressure in patients with symptoms, and Fig. 5 Figure 6 shows the response of systolic blood pressure during VVI pacing in three of the patients with symptoms. The pattem of response (a fall followed by two different rates of recovery) was maintained in this group. After the original pacemaker was replaced by a DVI device both the fall in blood pressure at the onset of pacing and the subsequent compensatory rise were abolished (Fig. 6) , as were the patients' symptoms. In both groups, with and without symptoms, a similar, although less pronounced, response was seen in diastolic blood pressure. 
Discussion
The pacemaker syndrome or pacemaker effect, with the development of hypotension after the onset of ventricular pacing, is well recognised; however, its incidence and importance is disputed. Two of the three patients who complained of symptoms experienced dizzy spells during their first 24 hour recording. The patients' diaries were not considered sufficiently accurate to relate symptoms to specific haemodynamic events. Separate analysis of the blood pressure responses during WI pacing in the three patients with symptoms in whom the original pacemaker was later replaced showed an identical pattem of recovery. These findings imply that both types of recovery (immediate or delayed) may occur in an individual patient, depending on the circumstances at the time of onset of pacing. The benefit of implanting an atrial electrode and DVI generator in these three patients was clearly demonstrated. Their symptoms were alleviated, and analysis of the blood pressure response during pacing showed that the initial fall in blood pressure, It is possible that the time course of the recovery in blood pressure is in part related to the rate at which atrioventricular desynchronisation occurs, and the duration of hypotension may be influenced by the rate at which atrioventricular synchrony is restored. The heart rates before the onset of pacing were similar in the two patient groups. Unfortunately the quality of electrocardiographic recording in most patients was inadequate for further analysis of atrioventricular synchronisation.
